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INTRODUCTION

The U.S. Army Toxic and Hazardous Materials Agency, formerly the office

of the Project Manager for Chemical Demilitarization and Installation Restora-
tion, has ident'fied an initial list of substances (Table 1) requiring assess-
went because ol their actual or potential presence in the environment outside
the boundaries of Pine Bluff Arsenal (PBA), Pine Bluff, Arkansas. Prior to
initiation of this problem definition study, each substance was carefully con-
sidered and a revised list (Table 1) was developed. The rationale for this
revision is discussed below.

For DDT and its analogues, there is an overwhelming amount of information

available iu the literature and most of the pertinent data have been summarized
in a number of recent review articles. Thiodiglycol and phosphorus have
already been assessed in recent reports by Rospnblatt et al. 2 - and Decre
and Rosenblatt. 5 Therefore, DDT and its analogues, thiodiglycol, and phos-

phorus were deleted from the initiel list and will be addressed in a separate
report. On the basis of information obtained during a site visit to PBA, 6

Vat Yellow 4 and hexachloroethane were included in the revised list. Vat
Yellow 4 has been used as a substitute for the yellow dye, auramine, for the
past 20 years, and hexachlioroethane has been used as a component of white
smokes. The other substances on the initial list, including auramine. were
retained because of their history of use at PBA.

The inhalation toxicologv of colored smokes veneratltd from the anthra-
quinone dyes and Vat Yellow 4, not addressed in this report, has been investi-
gated by Owens and Ward, who also reviewed the earlier mammalian toxicology
literature for the dyestuffs, 7 and by Weeks and Yevich. 8  The objective of
the present study is to provide technical information on the physical,
chemical, toxicological, and biological properties of seven substances used in
pyrotechnic compositions, with emphasis on possible environmental effects.

The potential for contamination of PBA by these substances is considered
elsewhere. 9

Tn assessing the seven substances on the revised list (all of which are

components of pyrotechnic compositions), the organization of technical and
professional personnel, the manual and computerized literature searches, and
the information handling system were the qame as those detailed in the initial
report of this series.2 F'r the most part, retrieved references were
published before 1978.
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TABLE 1. INITIAL AND REVISED LISTS OF POILUTANTS AT PiNE BLUFF ARSENAL

Initial Lista

DDT

Thiodiglycol

Phosphorus (white)

Au ram ine

]3enzanthrone

1 ,4-Di--p-toluidinoanthroquinone

1 ,4-Diamino-2 ,3-dihydro.xinthzaquinone

1-Methy laminoanthraqu inonej

Revj.sed Litb

Auramine

BenzanthroneI
I) 4-Di -p-ro I ii d -oanthraqui none

1,4-Diamiino-2. 3-dihiydroanthraquinonc

I-Methy laminoanthr-aquinone

Vat Yellow 4

Hexach loroe thane

a. As orovid#Žd in Referptiic 1.
b. Substanctes addressed in this report; see text for discussion o[

deletions and ad~itions.



SUMMARY OF FINDINGS

The findings fLaom this study are presented in detail for each pollutant
substance in Appendixes A through G. Nomepclature, chemical formulas,
physical properties, solubilities and chemical reactivities, production and
us5, analytical methods, mammalian toxicology, environmental considerations,
and staadards are suimarized below.

PHYSICAL/CHEMICAL PROPERTIES

Table 2 presePts the common names, CAS Registry Number, Colour Index

Numoer, Toxic Substances List Number, and Wiswesser Line Notation for each of
the seven compounds. These names and numbers serve to identify these
compounds and to provide access to information in secondary literoture
sources. Other alternative names listed in each appendix may be useful in the
interpretation of older literature.

Table 3 presents the molecular weight, molecular formula, and structural
formula of each of the seven compounds. Examination of these data allows an
organic chemist to estimate values for some of the important cbemical
parameters for which no literature values are reported. The dyes considered
in this study, because of their vivid colors and powdery propeities, impart
recognizable coloration to surfaces and soils. Although the dyes have high

m•lting points (Table 4), at which temperatures some decompose, they are
sutticiently stable to be aerosolized. All of the compouuds are insoluble it'

water (Table 5) and in alkaline media. The dyes are more soluble in alcolhols,
ethers, aromatic solvents, chlorinated solvents, and concentrated sulfuric
acid.

TRITY OF SUBSTANCES

For pyrotechnic uses, these compounds as procured may contain

unidentified impurities as high as 23%. Products of thermal degradation,
formed during aerosolization, are essentially unidentified. The toxicities of
the impurities or the thermal degradation products, relative to parent or
specrtied pyrotechnic substance, are unTIIowLL. Because thcsc pyrotechnic
suibstances are of both foreign and domestic origin, the starting materials in
the syntheses, which are probably present as impurities, are not readily
determined. Current trade reports indicate that all hexachloroethane. for
example, is imported.

ANALYTICAL METHODS

Analytical methodology is not well developed for most of these compounds,
possibly because commercial applications have not required precise, low-level
detection methods. Recent developments in liquid chromatography and gas
chromatography make it possible not only to analyze the purity of these
substances in bulk, but also to determine them quantitatively in environmental
samples.

-7-
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Hexachloroethane in aqueous samples cau be analyzed by the purge and trap
technique followed by gas chromatugraphLy and mass spectrometry (GC/MS).' 0

Quantitative analyses at the parts per bil-iorL level are possible. WiIn lower
precision is acceptable and/or GC/MS analysis is not economicall; just 'fied,
analysis can be carried out by gas chromatography or any of the classical
techniques mentioned in Appendix G.

The polycyclic aromatic dyes, too unstable thermally for GC/MS analysis,
can be characterized tor purity by a combination of thin-layer column
chromatography using several different solvent systems, differences in melL;rig
point, and ultraviolet (ULV)-visible soectrophotometry. The most promising
technique for the rapid quantitative analysis of environmental jamples
*•ntaining mixtures of polycyclic aromatic dyes appears to be liquid
chromatography with visible or UV detection. These methods are not as well
tested and documented as are the CC!MS methods for volatile organics; but
rapid, quantitative analysis of anthraquinone dye mixtures has beer.
dem nstrated.1-

MAMMALIAN TOXICOLOGY

Toxicology data are summarized in Table 6. Occupational exposure studies
and animal studies provide considerable information on auramine, benzanthronr,
1-methylaminoanthraquinone, and hexachloroethai.e, and some for Vat Yellow 4.
Very little or no information *s availab'e for 1,4-di-p-toluidinoanthraquinone
or 1,4-diamino-2,3-dihydroanthraquinone.

ENov7IRON.NTAL CONSI D ERALTIO L ItNS

The literature provides no evidence of definitive studies on in vitro and
in vivo fates of most of these materials. Their low solubilities in water
indicate that they are present as particulate matter, as suspensoids, or in
emulsoids. Only surface areas immediately adjacent to sites where grenades
are manufactured or tested at PBA show recognizable soil or water
colorations. it is not known whether the eventual disappearance uf dyes is
due to degradation or transformation, or to transport as particulate matter.

Literature data on environmental considerations are summarized in Table
7. Data are available for only three substances: auramine, benzanthrone, and
hexachloroethane. No information was recovered concerning accumulation,
transport, or degradation of any of the pyrotechnic substances.

STANDARDS

Benzanthrone standards have been reported for the Soviet Union. The
occupational standard is 2 mg/m 3 in air. A reservoir standard of 0.05 mg/kg
has been suggested.

-13-



TABLE 6. SUMMAPY OF TOXICOLOGICAL PROPERTIES

Substance Toxicological Properties

Auramine Causes bladder tumors in humans; hepatomas and
lymphomas in mice; hepatomas and fibrosarcomas in rats;

metaplasia of the urinary tract in rabbits.

Benzanthrone Produces itching, erythema, skin pigmentation,
pruritus, precocious generalized eczema, and
photosensitization in humans. Causes liver damage,
inervous systen effects, and disturbances of the

autonomic nervous system in humans. The oral LD5 0

for rats is 1.5 g/kg; for mice, 0.29 g/kg.

1,4-D;.-P-toluidino- Oral LD 5 0 for rats is 3,060 mg/kg.

anthraquinone

1,4-Diamino-2,3-di- Weakly mutagenic in Salmonella typhimurium (Ames Test)
bydroanthraquinone

1-Methylamino- Skin irritant and seasitizer in humans. Slight
anthr-Guinonc toxicity obLrved in raLs treated it 500 mg/animal for

three days. Produces cystic changes in rat kidneys.

Vat Yellow 4 No definitive infrrmation retrieved on acute toxicology
of Vat Yellow 4 per se. Commercial samples found to

contain 0.1% dibenzochrysene, a potentV carcinogen. A
commercial formulation containing 18% of the dye caused

an increased incidence of lymphomas in male mice when
administered for 106 weeks in the food at 25,000 and

50,000 ppm.

Hexachloroethane Chronic lo,:al irritant. Lowest lethal dose

(subcutaneous) for rabbits is 4 g/kg. Oral LD5 0 for

rat exceeds 4 g/kg. Oral doses of I g/kg cause central
nervous system depression in dogs; 0.325 g/kg
administered intravenously to dogs is lethal.
Technical grade induces hepatocellular carcinomas in

male and femile mice sdministered, respectively, 1,179

and 590 mg/k6-day by gavage for 78 weeks.

-14-



TABLE 7. SUMMARY OF ENVIRONMENTAL CONSIDERATIONS

Substance Environmental Ccnsi-erations

Auramine Fish: 5-day LC5 0 is 1 ppm for fathead minnows.

Invertebrates: 0.05% in rearing medium causes
mutagenic actions in Drosophila melanogaster.

Nicroorganisms: Inhibits growth of certain
bacteria and fungi.

Plants: Produces mutagenesis and naclear

irzegularities at low concentrations.

Benzanthrone Invertebrates: Toxic to Daphnia at 10 mg/L.
Lethal to Parenecium caudatum at 0.2 mg/L.

Microorganisms: Induces cancerous growth in the
marine alga Porphyra tenera.

1,4-Di-p-toluidino- No information was retrieved.
anthvaquinone

1,4-D'6LuiLLU-2,3-dinydro- No intormation was retrieved.

anthraquinone

1-Methylamino- No information was retrieved.
anthraqu inone

Vat Yellow 4 No information was retrieved.

Hexachloroethane Mammals: In large doses, produces central
nervous system depression. May produce chronic
liver lesions, diffuse necrosis, and digestive
dip'ordprs wJlen used as an nthemintic n atti.

Invertebrates: Lethal to certain insects. Used
for treatment of domestic animals infested with
parasitic worms.

Microorganisms: At 5.3 mg/L, to~ic to Vibrio

metchnikovii.

- 15 -



ITI the United States, a threshold limit value (TLV) for skin exposure to
hexachloroethane has been set at I ppm or 9.7 mg/m 3 .

No standards or TLVs have been recommended f,)r any of the other compounds.

DATA GAPS

Much information necessary for an evaluation of the environmental fate
and effects of these seven substances was not retrieved from the literature.
These data gaps are discussed below.

`,YSECAIL/CHEMICAL PROPERTIES

Table 8 summarizes the information that was found on physical and
'-nemical properties.

Physical Pcoperties. The dyes are solids and as a group exhibit poor
solubility in water, but these solubilities may be greatly changed in the
presence of salts and detergents. These changes in solubility could play a
major role in movement and biodegradation of these substances in the
environment.

Chemical Properties. The dyes are sensitive to UV radiation and exhibit
chemical changes in the presence of oxygen and other oxidizing agents. These
chemical transformations have not been adequately documented to allow
estimation of environmental stability.

Determination of Impurities. Dyes currently used in pyrotechnics contain
impurT-esT the biochemical properties of which may or may not be known.
Since impurities have not been qualitatively and quantitatively characterized,
it is not possible to assign toxic properties to a specific substance.

Preparation of Pure Materials. Methods for the preparation of pure
materials have not ueen adequately documented. This lack of documentation
detracts from efforts to study physical, chemical, and biological properties.
Similarly, the effects of handling and storage on purity are not documented.

Bi--ch.mical Tratisformations. The fate of hexachloroethane in vivo is
known. Such data, however, are not currently available for the dyes. Studies
of bioaccumulation, excretion routes, storage in vital organs, and degradation
products are of importance in evaluation of environmental hazard.

MAMMALIAN TOXICCLOGY

Limited mammalian toxicity data exist for the seven compounds reviewed
here. Table 9 summarizes data gaps for toxic properties.

-]6-
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ECOLOGICAL EFFECTS

There is almost no information available concerning the toxicity of these
substances to aquatic biota at the three major trophic level3 (algae,
invertebrates, and fishes). The phytctoxic and bioaccumulution properties of
the pyrotechnic substances in common native plants grown in contaminated soil
are not known. Bioaccumulation has not been studied.

ENVIRONMENTAL FATE

The environmental fates of these pyrotechnic materials are largely
unknown. Because all except hexachlcroethane have relatively low water
solubilities and negligible volatility, their rates of dispersal in the
environment may be low. The extent of microbial metabolism of the pyrotechnic
materials is poorly documented. Thus, the extent of their degradation in the
environment and the identities of possible stable metabolitLs are unknown.
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x 00

(+1

a),' C 4- 4 + + + -+ +1 I

40
0

I I • I -I I +1+1

' 0

4-'

00

I I I- I •I +1 I ,'I

(I0-t ,-I I-•

+0

-Zr.ci ,, -' U

IV

: cv CU W %4-

I .- (U0 "-

Cc +1 +1 +: ::3 I, . t

,•r " w- P - :•

w0. I. 0

0 • • -- • •}'0 w 0)

<4 a a)

NO .c

I . I IF- O I. .I

cc - a0

,--0 W r- ,I • ,- • • ,4 , -J $ý 0~ C w.T r ..

0 ý4

* .0•••
'to I p I

zi (U 14

s(U 4- U)

,.1~- (3a -4 o r - 4 t

to~( 0 4C 04j U o V 0 414.)4

'0 'a .0 a)r(c U 0 0 1''.V'
4,C)a ) 0 Q ý C-)( r a -eUW

0, mU CU. to' to va n - t) 0- 4j' a)
C- 19 11 0 .1-'- ;- f.4 #- 1 7

(-~4 '- - U a4 ~ 0 a a ~
u0 10 Q) 4.4 A: 11 1) Q.4

r. <tf LO V)O X,) u z 0)

0"-...~ ~~~~ .U- .V. .~ .4 .t .O .u ..-



LITERATU2E CITED

1. HQDA, AMCPM-D•R, Letter, Subject: Installation Restoration Directed
Actions (December 1, 1975).

2. Rosenblatt, D.H., T.A. Miller, J.C. Dacre, I. Muul. and D.R. Cogley,
editors, "Problem Definition Studies on Pitential Environmental
Pollutants. I. Toxicology and Ecological Hazards of 16 Substances at
Rocky Mountain Arsenal," Technical Report 7508, U.S. Army Medical

Bioengineering Research and Development Laboratory, Fort Detrick,
Frederick, MD (December 1975).

3L Rosenblatt, D.H., T.A. Miller, J.C. Dacre, I. Muul, and D.R. Cogley,
editors, "Problem Definition Studies on Potential Environmental
Pollutants. 1I. Physical, Chemical, Toxicological, and Biological
Properties of 16 Substances," Technical Report 7'509, U.S. Army Medical
Bioengineering Research and Development Laboratory, Fort Detrick,

Frederick, MD (December 1975).

4. Rosenblatt, D.H., M.J. Small, and J.J. Barkley, Jr., "Munitions
Production Products of Potential Concern as Waterborne Pollutants - Phase

I," Technical Report 7307, U.S. Army Medical Environmental Engineering

Research Unit, Edgewood Arsenal, MD, AD 912752 (June 1973).

5. Dacre, J.C. and D.H. Rosenblatt, "Mammalian Toxicology and Toxicity to

Aquatic Organisms of Four Important Types of Waterborne Munitions
Pollutants - An ExLensive Literature Evaluation," Technical Report 7401;
U.S. Army Medical Bioenginecring Research and Development Laboratory,
Aberdeen Proving Ground, MD, AD 778725 (March 1974).

6. Dacre, J.C., "Report of Visit, Pine Bluff Arsenal, 11-12 March 1976,"
U.S. Army Medical Bioengineering Research and Development Laboratory,
Fort Detrick, Frederick, MD (April 1976).

7. Owens, E.J. and D.M. Ward, "A Review of the Toxicology of Colored

Chemical Smokes and Colored Smoke Dyes," Edgewood Arsenal Technical
Report EB-TR-74064, Dept. of the Army Headquarters, Edgewood Arsenal, MD,

AD A003827 (December 1974).

8. Weeks, 11.H. and P. Yevich, "The Toxicity of Combustion Products of
Pyrotechnics," Am. Ind. Hyg. Assoc. J. 24:622-629 (1963).

9. Burrows, W.D., J.C. Dacre, and D.R. Cogley, "Problem Definition Studies
on Potential Environmental Pollutants. VI. Preliminary Assessment of

Environmental Effects of Seven Substances Used in Pyrotechnic
Compositions at Pine Bluff Arsenal," MR-28-79, U.S. Army Medical
Bioengineering Research and Development Laboratory, Fort Detrick,
Frederick, M1D (November 1979).

- 20



10. U.S. Environmental Protection Agency, "Sampling and Analysis Procedures
for Screening of Industrial Effluents for Priority Pollutants,"

Environmental Monitoring and Support Laboratory, Cincinnati, OH (April
1977).

11. Gosnell, A.B., "Methods for Anulysis of Contaminated Soil, Pine Bluff
Arsenal, Pine Bluff, Arkansas," Contract DAAAI5-75-C-0183, Dept. of the
Army Headquarters, Edgewood Arsenal, Aberdeen Proving Ground, MD (March
1976).

- 21 -



APPENDIX A

AURAMINE

ALTERNATIVE NAMES

4,4'-Imidocarbonyl-bis(N,N'-dimethyl)benzenamine; 4,4'-(imidocarbonyl)--
bis(N,N'-dimethyl)aniline; 4,4'-,dimethylaminobenzophenonimide;, bis(Q-dismethiyl-
aminophenyl)methyleneimine; tetramethyl-p-d'~amino-imidobenzophenone;
tetramethyldiaminodipherylacetimine; apyonine auramine base; auramine N base;
auramine 0 base; auramine SS; auramine 00; C.I. Basic Yellow 2 (free base);
vellow pyoctanine; Glaurauiine.1

!-RSTCAI AND CHEMICAL PR0PIrRTIES

ýAS R~egistry No.: 492-80-8 (auramine); 2465-27-2 (auramine
hydrochloride)

2

Colour index No.: 41000

Toxic Substances List No.: BY35000, BY36750

Wiswesser Line Notation: 1IN&IR DYUMR DNI&1; lNl&R DYI1MR DN1&1 &CH 2

Military Specifications: MIL-A-3664 (19 January 1952) for auramine hydro-
chlI3r ide

Mo1l'cilier Wcight: 267.4i (base)

Empirical P'ormula: C171421 3 (base)

Structural Formula:

(0C1 3 )2 N--a CIH- N(CH 3 1

Physica, properties of auramine are listed in Table A-1.
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TABLE A-I. PHYSICAL PROPERTIES CF AURAMINE

IropcrCy Value Reference

Mclitng Point 1360C (rapid heating) 1

(Base)

Boiling Point

Dens i ty

Vapor Pressure

Color Yellow

Solubility in As a base, insoluble in water; as

Water hydrochloride, solble in water

Soiubility in As a base, soluble in ethyl ether, 1

Other Solvents very soluble in ethanol; as hydro-
chloride, soluble in ethyl ether

aLnd f-l anLd ve .ry .JLIc ilk

ethanol and chloroform

Chemical Decomposes at temperatures above
Reactivity 70°C; is a weak base that fornoq

salts with HCI and H2 SO4

23-
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'RE PARATION

Auramine is manufactured irlustrially from dimethylanilina and
formildehyde, which react to form Michler's base (tetramethyldiaminodiphenyl-

methane). This base is subsequently converted to auramine by heating it with
iuifur and ammonium chloride in the presence of ammonia.1

PRODUCTION AND USE

Imports of auramine as Basic Yellow 2 totaled 113,255 pounds in 1973 and

105,400 pounds in 1974. 4,5

The free base of auramine is used to prepare Solvent Yellow 34, a solv.-
.-oluble yellow dye. In the United Kingdom, auramine has been used as a power-
Ful antiseptic in nose and ear surgery, and a specially purified auramine, iO.:

ýinder the name of Glauramine, is used as an antiseptic in the treatment of gon-
oi'hea. Auramine and its hydrochloride are used in large quantities in the
coloring oF paper and cardboard and, to a lesser extent, of some textiles and
leather. In the first-mentioned case, they are added during the processing of
the raw material prior to manufacture. Auramine has been used in some coun-

tries as a food dye and is also used as a smoke dye.'

ANALYTICAL METHODS

Guidelines for the anaiysis of aromatic amines have been reported. 6

A specialized reverse-phase liquid chromatography procedure, termed paired-ion
chromatography, has been useful for the analysis of high molecular weight
aromatic compounds not readily analyzed by gas chromatography.' Ripley and
Need have reported on analytical methods applicable to the analysis of
auramine in smoke mixtures. 8

MAMMALIAN TOXICOLOGY

Human Exposures

Anson and Parent 9 have noted that injury to the human eye by auramine
is characterized by conjunctivitis and keratitis; external application to the
skin is said to have caused "severe inflammatory reactions, destruction of

t-; Qa,.p w~r qpvorp rvnirn anti fp- uimi ring. hoadarhp. andC yP11 ow vjision."

One study showed a relatively high incidence ('f bladder tumors in workers
engaged in the manufacture of auramine. A latent period ranging fhom 9 to 28

years with an average of 19.3 years was observed, similar to that found for
bpnzidine and 2-naphthylamine.. Overall, six death certificates listed
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;,'adder tumors among these workers; only 0.45 would have been expected based

,i the mean rate for the male population of England and Wales (P < 0.005).
I'he m.rbidity was nine cases.

Experimnental Animals

Parent has reviewed the literature prior to 1964 or the acute and chronic

toxicities of autamine to experimental animals. 1 1  The oral LD5 0 for

adm~nistration of the hydrochloride to mice is reported to be 480 mg/kg.

Thirty mice were given i diet containing 0.1% commercial auramine for 52
weeks (total dose: 728 mg pe'r animal). The animals were kept for their life
1 . !;ven he,,atomas and 11 lymphomas were found compared with 0 and 5,

sbpt'ctively, in 60 control animals receiving weekly injections of arachi3

,l1. Two other tumors were also reported.'" 2' In one study, 30 stock

-lice and 27 CBA mice of both sexes were given diets containing auramine di--

i;n acotoTw at concentrations of 0.1% and 0.2% (the maximum tolerated).
respectively, fov 52 weeks; approximate total doses were 1,820 mg and 3,650 mg

per mouse, respectively. In stock mice, 57% of the males and 30% of the
females that survived to tumor-bearing age showed hepatomas. No cholangiomas

were observed, and the degree of cirrhosis was muinimal. No hepatomas were

seen in 16 control animals. In CBA mice (the high dose group), the frequency

of hepatomas was 58% for males and 73% for females in the treated group
compared with 11% and 5% for males and females, respectively, in the control

group. A few other tumors occurred in stock mice, but none in CBA mice. 1 ,13

Twelve male Wistar rdts were givPn aA iet conta4,ining 0.1% co.rcea au ta-

uIi.iie l o! 87 weeks (estimated total dose: 10 g per rat). Ninety-two perc it of

thl inimals (11/12) developed hepatomas between weeks 91 and 122 followi the

Ft-.r1 of treatment. A fEw other tumors were observed. Twelve control ruts

were tumor-free at death, which occurred between 90 and 120 weeks. 1 , 1 3

For 5 days per week for 21 weeks, 24 male Wistar rats were given subcu-
tareoss injections of 0.1 mL per 100 g body weight of a 2.5% suspension of

commiercial auramine in arachis oil (estimated total dose: 110-120 mg per

anim1l)_ In 20 animals that survived 21 weeks of treatment, i1 fibrosarcomas
(5,%/ ard 3 hepatoma& (15%) were observed between 40 and 113 weeks. Three

intestinal carcinomas were also reported.1,13

In a preliminary comparative experiment, nine rabbits were given auramine
(purity not staCed) orally to the limit of tolerance, and the treatment was

continued until the onset of the final illness. Six animals were sacrificed
in the first 2 years aad three between 3 and 4 years. Metaplasia of the
urinary tract epithelium, suggestive of precancerous change, was seen in two
out of five rabbits examined, compazed with one of seven control rabbits. I4,15
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No abnormalities have been detected in dogs given auramine orally (purity
not stated) daily for about 7 years (total ingested amount: 66 g).

The above and some additional data are summarized in Table A-2. None of
the retrieved material reports the induction of bladder tumors in experimental
an imals.

biochemistry

No information was retrieveu.

Mu tagenic ity

Auramine exhibits mutagenic actions in the fruit fly, Droso ila
imeaioanter, when added to the larval rearing medium at a concentration of

••C cnogenicity

Auramine has been included along with cextaiu other carcinogenic
compounds in the Carcinogenic Substances Regulations 196721 of Great
Britain. These regulati'.os control the employment of persons in connection
with the making of this substance.

ENV IRONMiNTAI. CONSIDERATIONS

Behavior in Soil and Water

De. ..radation. No infnr .wasrtri...d, UUL nis the imine of

4,4'bis(N,N-dimethylamino)benzophenone (Michler's ketone), to which it may
degrade in water.

An imals

Manmals. No information was retrieved.

Birds. Vu information was retrieved.

Fish. Anson and Parent 9 described the effect of auramine hydrochloride
on fathead minnows. The 5-day LC 5 0 is given as 1 ppm; the 100-minute LC 5 0
is given as 10 ppm, and 0.1 ppm is said to have no effect over 13 days. Water
quality parameters, such as hardness, temperature, dissolved oxygen, and pH,
are unknown.

e1epiles. No information was retrieved.

Amph2 ibians. Derouaux and Lecomte 2 2 report that the oxidation-reduction
potential of aur-mine is high enough to inhibit energy-producing metabolism in
trog muscle. Concentrations of 0.05% and 'ess produced spontaneous skeletal
muscle contcacting and arrest of the heart in systole.
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Macrc-invertebrates. No information was retrieved.

Microcorganisms

Concerning fungi, auramine is reported to bring about complete inhibition
of growth in Monilinia fructicola at 100 mg/L, but little or no inhibition at
25 mg/L in a basal medium at pH 5.3.23 Czekalowski24 studied the inter-
action of an Escherichia coli culture, a T2 bacteriophage, and auramine.
Auramine at a concentration of 0.66 x 10-3 M produced no growth change in E.
coli but produced growth inhibition Df the phage. At 0.066 x 10-3 M, the
piia 6 e was killed, but the host grew normally.

Auramine is claimed to be effective against wood-destroying fungi at
,L)60 mg/L. 2 5 Measured bacteriostatic effects of auramine range from

complete inhibition to no inhibition (Table A-3) depending on the organism
tested.

Plants

Auramine, in concentrations of 5 x 10-5 M, when applied to the root tip
of Allium and exposed to light or darkness, did not show any mutagenic activity. 20

However, another study reported that auramine, in concentrations of 10-4 M,
applied for 10 or 20 minutes in darkness or under light, caused significant
mutagenesis in Vicia faba. 2 0 Concentrations of auramine in the range of
20 x 10-6 M to 1 x l0G-6-RM, when applied to Allium root tip, caused
hypertrophy with abnormal mitosis and appearance of binuclear cells. 3 0  In
Tradescantia virginica, auramine induced formation of chromonema bridges. 3 0

Food Ghain

No information was retrieved.

EXISTING STANDARDS

No information was retrieved.
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APPENDIX B

BENZANTHRONE

ALTERNATIVE NAMES

7H-Benz(de)anthracen-7-one (C.A. after 1936); benzanthrone (C.A. after 1936);

1,9-benzanthrone; benzanthrenone; mesobenzanthrone.

PHYSICAL AND CHEMICAL PROPERTIES

CAS Registry No.: 82-05-3

Colour Index No.: None

Toxic Substance List No.: CX50750'

Wiswesser Line Notation: L C6666 1A Q IVJi

Military Specification: MIL-D-50074D
2

Molecular Weight: 230.28

Empirical Formula: C 1 7 H1 0 0

Structural Formula:

0

0)
Ph.sical properties of benzanthrone are listed in Table B-i.
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TABLE B-I. PHYSICAL PROPERTIES OF BENZANTHRONE

Property Value Reference

Melting Point 174*C (rapid heating) 3
(Base) 174.1CC 4

1700C 5,6

Boiling Point

Density

Vapor Pressure 10 mm (297.2°C) 3

40 mm (350.00C) 3
100 m• (390.00C) 3

200 mm (426.50C) 3

Color Pale yellow 3

Crystalline Form Yellow orthorhombic needles 3

when crystallized from ethyl
alcohol, xylene, benzene, or

ni trobenzenc

Heat of Sublimation -

Solubility in Water Insoluble 6

Solubility in Other 0.52 g/106 g acetic acid
Solvents 1.61 g/1 0 0 g benzene 6

2.05 g/100 g chlorobenzene 6

Soluble in sulfuric acid 6

Temperature of 426" C 6
Decomposition
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PREPARATION AND PURIFICATION

Benzanthrone is prepared by several methods, but most commonly by the
condensation of reduced anthraquinone with glycerol in the presence of
suLturi.c acid at 135 0 C.7- 9 The anthraquinone is reduced with copper or
iron salts or with aniline sulfate. Another common industrial preparation is
the ring closure of phenyl 1-naphthyl. ketone, which is dehydrogenated with
AICi3, FeCl 3, or sodium m-nitrobenzenesulfonate.8 Other, less important
syntheses are the thermal degradation of cinnamalanthrone in the presence of
sodium-aluminum chloride' 0 and the dehydration of l-phenylnaphthalene-2-

carboxylic acid.

Depending upon the method of synthesis, the impurities may be numerous
and toxic. Some impurities obtained are anthracene, anthraquinone, ferric,
copper, and aluminum ions, acrolein, and glycerol; intermediates, by-products,
and derivatives of benzanthrone are also found.

Benzanthrone is purified by vacuum sublimation with subsequent recrystal-
lization from ethyl alcohol and/or from xylene. 1 A high pressure, prepara-
tive, liquid chromatography method has been developed that promises to give
pure benzanthrone. 12 The UV absorbance at 513 nm is used to estimate its
purity. 2

PRODUCTION AND USE

In 1973, more than 1,086,000 pounds ot benzanthrone were produced in the
United States.!-3  This quanLity was produced in tutu by AIeLL CuIui dudd

Chemical Corp., American Cyanamid Co., E.I. Du Pont de Nemours, Inc., GAF
Corp., Otto B. May, Inc., Martin Marietta Corp., and Toms River Chemical
Corp. Suppliers of dyes to PBA are Atlantic Chemical Manufacturing Corp.,
Carey Industries, American Aniline Products, and GAF Corp. In 1974 and '971,

838,000 and 374,0W; pounds of benzanthrone, respectively, were produced in the
United States. 14,15 In 1974, benzanthrone imports totaled 24,808 pounds. 1 6

Benzanthrone, a yellow compound devoid of dyeing character, is used pri-
marily as a starting material for the manufacture of dyes that have excellent
fastness to light, chlorine, and washing. 1 It is used in both green and
yellow smokes. Its exceptional stability contributes to overall aerosol-
ization efficiencies of about 58% in green smokes and 73% in yellow smokes.1 9

CHEMISTRY

Benzanthrone dissolves in sulfuric acid to form an orange solution with
green fluorescence. 6 Although it 'ccomposes at its melting point, suffi-
cient material volatilizes in a smoke mixture to produce a yellow or green
smoke efficiently. In the tree smoke dyes, the percentage of benzanthrone
present in the resulting aerosols is about 13.5% higher in green smoke and
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8.5% higher in yellow smoke than in the initial mixes of benzanthrone from
which the aerosols were made.19 These increases suggest greater thermal
stability of benzanthrone than Solvent Green 3 in green smoke and HVT Golden
Yellow (Vat Yellow 4) in yellow smoke.

The observation th.-at flash photolysis of benzanthrone in hydrogen-
donating solvents saturated with oxygen does not result in product formation
at natural pH values suggests that this compound will not be readily
degraded photochemically in the environment. Benzanthrone is readily attacked
by both nucleophilic and electrophilic reagents.

AN.ALYTI'AL LETHODS

Thin-layer chromatography has been us,. extensively to detect benzan-
throne.21-23 Typical stationary phases include alumina G and cellulose.
Typical moving phases are pentane:ether (19:1), toluene, and dimethylform-
amide:water (35:65). Detection is by UV-excited visible fluorescence.
Absorption maxima occur at 250, 282, 303, 387, and 513 nm. - A recent method
for estimation of henzanthrone in drinking water achieves a detection limit of
125 pg (about 0.1 ng/L) by preconcentration on C1 8 -bonded pellicular packing
followed by desorption and analysis by liquid chromatography, using fluores-
cence detection. 2

Beazanthrone has also been estimated polarographically and in blood
by spectrofluorometric methods.27

MJAW lAA I A I 0''rf% r ,-',T n

iumai Exposures

Benzanthrone is reported variously to cause an itching, burning sensa-
tion, erythema, dermatitis, and skin pigmentation. 2-33 In sensitive
individuals, actinic dermatitis or leukoderma can develop due to a photody--

namic effect. 9-35 Pruritus, precocious generalized eczema, pigmentation,
and photosensitizption in workers exposed to benzanthrone have been observed. 33

Systemic effects result from liver damage, 36 nervous system damaje,37 and
disturbance of the autonomic nervous system regulatory function. a Because
of the toxic character of this dye, the U.S. i.r-my Environmental Hygiene Agency_
advised substituting a less toxic chemical for benzanthrone in smoke mixtures."'

E'xperfimental Animals

Benzanthrone did not produce signs of intoxication in male and female

rats in oral doses up to and including 7.1 g/kg.'° It was found to be
nonirritating to the skin of the albino rabbit, for which the acute dermal
LD 5 0 exceeded 3,000 mg/kg. 4 0  The dye was not irritating when applied to
clipped, intact, or abraded skin of uuirea pigs for 24 hours during a skin
contact experiment.41,42 One report 0 found no irritation of the eye
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1#3
due to benzanthrone, whereas another report noted moderate erythema,
slight chemosis of the lids, lacrimation, and a light corneal stain. No
indication of 4hotoallergy in guinea pigs or phototoxicity in mice and swine
was observed, although others have stated that albino mice exhibit slight
thickening and roughness of Lhe skin on application of benzanthtone only in
the presence of sunlight.1

Studies of subacute oral intoxication havy been carried out by intragas-
tric introduction of benzanthrone doses equivalent to one half the intraperito-
neal LD 5 0 (1.5 g/kg for rats and 0.29 g/kg for mice) once per week over a
period of one month. For ratR, such treatment results in significant
reduction in body and organ weight gain and some changes in blood parameters.

Five days after a single intraperitoneal injection of benzanthrone (200
mg/kg in arachis oil), all of four white male rabbits developed mild vascular
congestion in the lamina propria and submucosa of the urinary bladder.
The urinary bladders of guinea pigs treated with single intraperitoneal injec-
tion of benzanthrone (25 mg/kg body weight), which were examined 7 days after
injection, showed mild vascular congestion in thp lamina propria and submucosa. 4 7

At 15 days, 6 of 10 guinea pigs showed evidence of urinary bladder mucosal
lesion, sever2 vascular congestion, and a large number of inflammatory cells
in the lamina propria and submucosa. Large areas of guinea pig lungs were
filled with edematous hemorrhagic fluid within 24 hours after intratracheal
injection of benzanthrone suspension (particle size <5 Pg). 4

8

When benzanthrone (50 mg/kg body weight) suspended in distilled water was
daily admiuisiLuetid iLtLdatetiLL:uLally tu atS, ucwcTytic aneia, probably of

'49hemolytic origin, was observed at 10 and 20 days. Biweekly intraperitoneal

injection of benzanthrone (25 mg/kg) for 6 months leads to damage of the game-
togeitic function of rat testis, but not of the androgenic potency. 5 0 Testic-

ular hyaluronidase activity was decreased, and treated rats showed patchy
degeneration of the seminiferous tubules.

Significant decreases were noted in the level of ascorbic acid after 7
days in the blood, kidneys, and liver of adult male guinea pigs administered
henzanthrone intraperitoneally at a dose of 25 mg/kg body weight. 5' Intra-

peritoneal doses of 50 mg/kg-day to male rats resulted in a significant
increase in plasma fibrinogen and a decrease in blood coagulation time.52

Biochemistry

In a group of four rabbits, 26.1 to 30.5% of intraperitoneally
administered benzanthrone wp" "xcreted unchanged in the urine in 5 days, more
than half of which was excreted in the first 2 dAys.46 The tate of the
majority of the material is nknown.
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Carcinogenicity

Available data are conflicting concerning benzanthrone carcinogenicity. 4 '

In an early study, white mice (sex not given) received five subcutaneous

injections, 10 to 15 days apart, of 0.5% benzanthrone in olive oil. Sixteen

of the 32 mice survived after 6 months; one developed lung tumor, and one

developed jaw tumer. 53,5 Results -id nst suggest that benzanthrone has
tumorigenic properties.

Tests for the production of skin cancer have been carried out by applying

0.3 g of beuzanthrone in solution (benzene?) to the interscapulat region of
mice twice weekly.55 No epitheliomas or papillomas were observed on 10 mice

s) treated, of which the oldest surived 294 days.

Parent 4 1 reported that this dye did not induce tuwors in mice.

Mutag enicity

Benzanthrone was nonmutagenic when screened for mutagenicity with five

Salmonella tphimurium tester strains with and withouz mammalian microsomal

activation. After exposure to 6 0 C0 gamma irradiation in air, benzan-

throne exhibits positive muta enicity with strains TA1538 and TA98, which

detect frameshift mutations.

Escherichia coli remained unaffected by benzanthrone in concentrations of

I mg/mL. Bond and Cilleland5 8 tested the ability of several compounds to

produce changes in the RNA/DNA ratio in E. coli as a measure of relative car-

cinogenic'ty. Bpnzanthrine produced no alteration 4n the RNA/DNA ratio, indi-

cating that it is nonuutagenic in E. coli.

Epstein et al 5 3 conducted a dominant lethal mouse assay for benzan-

throne-induced mutations. Male ICR/Ha Swiss mice were given single intraperi-

toneal injections of benzanthrone at doses of 1,000, 1,500, or 2,000 mg/kg.

Two males (given 1,000 and 2,000 mg/kg) died. Remaining males were mated to

three untreated virgin female mice per week for 3 or 8 weeks after the injec-

ticn. Early fetal deaths and preimplantation losses were not produced by benz-

anthrone beyond ccntrol limits.

E.VTRONM!,.NTAT. .ONONT1)RATTONSO

Production facilitie8 for large quantities of benzavthronE are probably

the primary source of human exposure to benzanthrone. Sites of grenade

manufacture and testing at U.S. Army arsenals constitute the second largest

source of exposure, and sites of grerade use or disposal constitute a third

and impt tant exposure source, particularly for military personnel.
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Behavior in Soil and Water

Degradation. Lo~hakov 60 observed that benzanthrone, in concentrations
above 0.05 mg/L, gives water a yellow color, and at 50 mg/L its odor becomes
noticeable. Biological oxygen demand (BOD) is inhibited up to 13% by
benzanthrone concentrations of 50 to 1,000 mg/L.

Animals

Mammals. No information was retrieved.

Birds. No information was retrieved.

Fish. No information was retrieved.

Ruptiles. No information was retrieved.

Amphibians. No information was retrieved.

Invertebrates. Benzanthrone is toxic to Daphnia at 10 mg/L but not at
5 mg/L.bu Epstein et al.61 used the toxicity of benzanthrone to the
protozoan Paramecium caudatum s a measure of photodynamic activity.
Concentrations of 0.21 Pg/mL produced 99% lethality in 30 minutes to dark
incubated, motile ciliates exposed to 360-41 irradiation at 8,750 plwatts/cm2 .
Similar experiments have been performed with the nauplii of Artemia salina. 6 2

Plants

Ishio et al. 6 3 have shown that benzanthrone in coal chemical wastes
induces cancerous growth in the edible marine alga, Porphyra tenera. Under
laboratory conditions, benzanthrone at 2.0 mg/L induced algal cancer in all
leaves of P. t:enera within 40 days at 10%C. A later paper reported that
benzanthrone (4s well as some known carcinogens) brought about mitotic delays
in •yrodinium -pecies. 64

Food Chain

Nc information was retrieved.

EXISTING STANDARDS

The USSR proposed occupational standard is -0.002 mg/L in air.3

Loshakov suggested 0.05 mg/k Eas the highest permissible concentration for
reservoir water in the USSR.' 0
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APPENDIX C

1,4-DI-p-TOLUIDINOANTHRAQUINONE

ALTERNATIVE NAMES

1,4-bis [(4-methylphenyl)amino]-9,10-anthracenedione (C.A. from 1972);
1,4--di-p-toluidino-9,10--anthracenedione (C.A. before 1972);
1,4-di-p-tolylamino--anthraquinone; C.I. Solvent Green 3; Quinizarine Green G
Base; D and C Green No. 6.

PHYSICAL AND CHEMICAL PROPERTIES

CAS Registry No.; 128-80-3

Colour Index No.: 61565

Toxic Substances List No.: CB577501

Wi.wesser Line Notation: I. C666 GV IV.J DMR DI& GMR DlO

Military Specification: MIL-D-3277C
2

Molecular Weight: 418.52

Empirical Formula: C2 8 H2 2 N2 0 2

Structural Formula: 0 HN CH 3

0 0
0 HN CH3
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TABLE C-I. PHYSICAL PROPERTIES OF 1,4-DI-p-TOLUIDINOANTHRAQUINONE

Property Value Reference

Melting Point 219.5*-220.5C 3

Boiling Point

Density

Vopor Pressure

Color Deep blue-violet 4
(from glacial acetic acid)

Crystalline Form

Heat of Sublimation

Solubility in Water Insoluble 5

Solubility in Other Solvents Soluble in benzene and toluene; 5
slightly soluble in acetone,
alcohol, and ethyl acetate.
"oluble in hydrochloric,
sulfuric, and other strong acids
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PREPARATION AND PURIFICATION

1,4-Di-p-toluidinoanthraquinone is pre ared industrially by the condensa-
tion of P-toluidine vith leucoquinizarin, 6 anthraquinone-l,4-disulfonic
acid,7- 9 and 1,4-dichloroanthraquinone. 6', 9', 0 Impurities in the dyes may

be many, depending upon the method of synthesis; p-toluidine and anthraquinone
starting materials as well as derivatives and isomers are probably present as

contaminants. Because the sulfonic acid derivatives are made by using mercury
salts, mercury may be a rontaminant. Methods have been developed for removal

of mercury when present in levels below 5 ppm. 1 0

Purification of 1,4-di- 2 -toluidinoarnthraquinone to meet Food and Drug
'dri•istration requirements for a drug dye can be achieved by repeated
recrystallizations. For such use, the dye must contain no more than 0.5%

impurities, 2% volatilc matter at 135*C, and 1.5% carbon tetrachloride

exiractables; it must melt above 210*C. 1 1  Within these limits, the
concentrations of impurities vary considerably; a study on the ourification

aminoanthraquinones has shown that dyes with as much as 2% impurity give

essentially the same melting point and UV-visible spectra with subsequent
recrystallizations.12

It is now recognized that these physical measurements, to be meaningful,
must be done in series with chromatographic separations. Materials that give

a single band in several chromatographic rolvent systems and a constant
melting point or UV-visible spectrum are considered to be pure and quit-ab1e
for biological tenLing. There are no available data that show that biological

testing has been done wizh highest purity 1,4-di-p-toluidinoanthraquinone.

PRODUCTION AUD USE

The primary commercial use of 1,4-di-p-toluidinoanthraquinone is in the

textile industry, both as a dye and as an intermediate. It has been listed

for use as a drug and cosmetic dye for sutures. Relatively large quantities

are used for the manufacture of green smoke grenades. A typical pyrotechnic

mixture contains a smuke-producing agent (1,4-di-E-Loluidinoanthraquinone), an
oxidizer (KCl0 3 ), a retardant (NaHCO 3 ), and sulfur. The grenade contains

about 320 g of dye and will hirn for approwlmately 70 to 80 sec/inch, during

which time the dye vaporizes and is airborne.

In 1973, the United States produced 217,000 pounds and imported 4,760
pounds of 1,4-di-p-toluidinoanthraquinone as Solvent Green 3.130" The

US. production figures of 1,4-di-p-toluidinocnthraquinone as D and C Green
No. 6 are not available. However, U.S. production of the D and C green dyes
in general was as follows: 39,000 pounds in 1973 48 000 pounds in 1974,

23,000 pounds in 1975, and 18,000 pounds in 1976.is-
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CHEMISTRY

During combustion, 14-di---toluidinoanthraquinone decreases from 61% of
the dye in an initial smoke grenade mix to 51% of the dye in the aerosol.
Thi.s decrease suggests extensive thermal degradation of 1,4-di-'i-toluidino-
anthraquinone or relatively less volatilization than for benzanthrone, which
increases in percentage in the mix during aerosolization. 4

ANALYTICAL METHODS

1,4-Di-I-tolu dinoanthraquinone is a derivative of anthraquinune and
therefore can be detected by UV-visible and fluorometric methods. Maximum
"V--,*islbe absorption occurs at wavelen ths of 402 nm (c = 0.65 x 104), 5i.
(c - 0.71 x 10), 600 nm (C = 1.54 x 109), and 638 nm (E= 1.64 x i04).

Separatiuns have been achieved by chromatographic methods, especially
thia-layer chromatography (TLC).' 8 Absorbents for TLC have been cellulobe,
magnesia, silica gel, and florisil.1 9 Some solvent systems that have been
successfully used are acetone:hexane (1:3), pentane:ethyl ether, toluene, and
dimethylformamide:water (35:65). Large-scale (gram) separations of
1,4-di-p-toluidinoanthraquinone have been carried out using column
chromatography. 2 0 A recent study indicates that high pressure liquid
chromatography (HPLC) is useful for detection and purification. 2 1

MANMALIAN TOXICOLOGY

No information was retrieved.

Experimenital Animals

The oral LD5 0 for male and female rats is variously reported as 3,060mgkg 22 23mg/kg, greater than 10 g/kg, and greater than 15 g/kg. The oral
LD 5 0 for ra its has been found to exceed 10 g/kg, with the minimum lethal
dose greater than 6 g/kg. 2 4  This compound is said to produce no discerniblb
skin irritation when applied to the intact and abraded skin of rabbits, and
the minimum lethal dose by skin absorption is said to be greater than 8 g/kg
(animal unspecified). '4 It produced "minimal" erythema when instilled into
the conjunctival sac of rabbits. 2 4

Biochemistry

No information was retrieved.

Carcinogenicity

No information was retrieved.
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Mutagenicity

1,4-Di-p-toluidinoanthraquinone was nonmutagenic when screened for
mutagenicity with five Salmonella typhimurium tester strains with and without
mammalian microsomal activation.'

ENVIRONMENTAL CONSIDERATIONS

Behavior in Soil and Water

Denradation. No information was retrieved, but it should be noted that
anthraquinones are readily reduced to the corresponding diols.

falimalS

Mammals. No information was retrieved.

Birds. No information was retrieved.

Fish. No information was retrieved.

Reptiles. No information was retrieved.

_pahibians. No information was retrieved.

Invertebrates. No information was retrieved.

Micrmor gan.L JIIS

No information was retrieved.

Plants

No information wa3 retrieved.

Food Cha in

No information was retrievpd.

EXISTING STANDARDS

No information was retrieved.
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APPENDIX D

I,4-DIAMINO-2,3--DIHYDROAN'THRAQUINONE

ALTERNATIVE NAMES

1,4-Diamino-2,3-dihydro-9,10-anthracenedione (C.A. from 1972);
1,4-diamino-2,3.-dihydrcanthraquinone (C.A. from 1972);
leuco-1,4-diaminoanthraquinone.

PHYSICAL AND CHEMICAL PROPERTIES

CAS Registry No.: 81-63-0

Colour Index No.: None

Toxic Substances List No.: None

Wiswesser Line Notation: L C666 BV IV CU GUJ DZ GZ

Military Specification: MIL-D-36681

Molecular Weight: 240.262

Molecular Formula: C10H 1 2 N2 02

Structural Formula:

0 NH 2

CO
0 NH-2

Physical properties of 1,4-diamino-2,3-dihydrcanthraquinone are listed in

Table D-1.

PHEPARATfON AND PURIFICATION

1,4-Diamino-2,3-dihydroanthraquinon,' is readily prepared by the

condensation uf ammonia with 2,3-dihydroquinizarin (leucoquirizarin) in the
presence oi boric acid. 3- Samples have been prepared on a small scale by
the reduction of 1,4-diaminoanthraquinone.6
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T'ABLE D-1. PHYSICAL PROPERTIES OF 1,4-DIAMIN( 2,3-DIFYDROANTHRAQUINONE

Property Value Reference

Melting Point 256'C (decomposition) 2

Boiling Point

Oensity

Vapor Pressure

Color Violet 2

Crystalline Form

Heat of Sublimation

Solubility in Water Insoluble

Solubility in Other Solvents Soluble in g!acia' acetil 2
acid Lnd hot ethanolI
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PRODUCTION AND USE

1,4-Diamino--2,3-dihydroanthraquinone is not as stable as many other

anthraquinone dyes, but is an important intermediate in the synthesis of amino
and leuco dyes. It is 80% of the dye used in the fabrication of violet smoke

grenades. 2

In 1973, U.S. manufacturers acknowledged the production of 890,000 pounds

of 1,4-diamino-2,3-dihydroanthraquinone.7 Import quantities totaled

19,089 pounds. In 1974, U.S. production of 1.,4--diamino-2,3-dibydro-

anthraquinone totaled 834,000 pounds and import quantities totaled 28,31.9
pounds. 9

,10 U.S. production of 1,4-diamino-2,3--dihydroanthraquinone for

1975 and 1976 was 470,000 and 531,000 pounds, tespectively. 11,12

CHEMISTRY

1,4-Diamino-2,3-dihydroanthraquinone is a reduced diaminoanthraquinone
and is easily oxidized by nitrobenzene. In stron* bases, it is either

readily oxidized by air to the anthraquinone dye', or it loses ammonia,

reverting to the dihydroxy leucoquinizarin. 4  1,4-Diamino-2,3-dihydro-

anthraquinone undergoes the general reactions of anthraquinones; mild

conditions usually are sufficient for these reactions to occur.

ANALYTICAL CHEMISTRY

Percent purity of 1,4-diamino-2,3-dihydroanthraquinone used in

pyrotechnic furmulations is estimated spectrophotometrically at 456 ± 2 nm.

Ninety-five percent ethanol is used as the solvent and a oure sample is used
as the reference standard. Potentiometric methods were ursatisfactory for
quantitative estimation.13 Column, thin-layer, and paper chromatographic

methods have been developed for 1,4-diatwinoanthraquinone, but have not been
applied to 1,4--diamino-2,3-dihydroanthraquinone. This omission is probably

due to the fact that l,4-diamino-2,3-dihydroanthraquinone is the intermediate

most commonly used for 1,4-diaminoanthraquinone. There are no appirent
reasons why the chromatographic techniques used for the 1,4-diamino dye cannot

be used for this compound. UV-visible spectroscopy has been used successfully
to analyze for the presence of this dye. Fluorescence and high pressure
l;qu:,4 "hroma.ography sl..,uld be equally applicable to Lhe deLtecLtion and
estimation of i,4-diamino-2.3--diihydroanthraquinone. l-Amino-4-hydroxyanthra-
quinone, an oxidation product and contaminant of l,4-diamino-2,3-dihydroanthra-

quinone, can be estimated spectrophotometrically at 603 nm by differential

absorbance.15

MAMMALIAN TOXIC0I OGY

No data were retrieved from the literature concerning the human

exposures, experimental animal toxicology. bioc' emistry, or carcinogenic
potential of this dye or its impurities.
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Mutag'enicity

1,4-Diamino-2,3-dihydroanthraquinoa~e was screenea tor mutagenicity with
five Salmonella typhimurium tester strains with and without mamnalian micro-
somal activation. This dye is weakly mutagenic in strain TA1537 (frame-
shift) whether or not activated by rat liver microsomes; it is nonmutagenic in
other strains at low concencration and toxic at high concentration.

ENV IRONMENTAL CONS IDERATIONS

Behavior in Soil and Water

Degradation. No information was retrieved, but a reasonable degradation
sequence would involve oxidation to an anthraquinone followed or accompanied
by reduction to the corresponding diol. The most likely initial pronuct,
1,4-diamincanthraquinone (Disperse Violet 1) has been estimated to be 10%
degraded after 15 days aeration with domestic sewage microorganisms. 1 7

Animals

Mammals. No information was retrieved.

Birds. No information was retrieved.

Fish. No information was retrieved.

Reptiles. No information was retrieved.

Amphibians. No information was retrieved.

Invertebrates. No information was retrieved. However, olutions of
l,4-diaminoanthraquinone, a likely degradation product of 1,4-diamino-
2,3-dihydroanthraquinone, are reported to kill earthworms in 15 to 30 minutes
at a concentration of 500 mg/L and in less than 20 hours at a concentration of
50 mg/L. 18

No information was retrieved.

Plants

No information was retrieved.

Food Chain

No information was retrieved.

EXISTING STANDARDS

No information was retrieved.
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APPENDIX E

I-METHYLAMINOANTHRAQUINONE

ALTERNATIVE NAMES

1-(Methylamino)-9,10-anthracenedione (C.A. from 1972); 1-N-methylamino-9,10-
anthraquinone (C.A. before 1972); C.I. Disperse Red 9.

PHYSICAL AND CHEMICAL PROPERTIES

CAS Registry No.: 82-38-2

Colour Index No.: 60505

Toxic Substances List No.: None

Wiswesser Line Notation: L C666 BV IVJ DM1

Military Specification: MIL-D-3284C'

Molecular Weight: 237.11

Empirical Formula: C1 5 HIIN0 2

Structural Formula:

0 NHCH.

0
0

Physical properties of 1-methylaminointhraquinone are listed in Table E-1.
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TABLE E-1. PHYSICAL PROPERTIES OF 1-METHYLAMINOANTHRAQUINONE

Property Value Reference

Melting Point 169.50C 2

Boiling Point

Density

Color Red (from CC1 4 ) 2
Deep red orange
(from glacial acetic acid) 3

Crystalline Form

Heat of Sublimation

Ifeat of Vaporization

Solubility in Water Insolubie

Solubility in OLher Solvents Soluble in acetone, Lhloro- 4
form, and cellosolve.
Slightly soluble in benzene and
carbon tetrachloride.
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PREPARATION AND PURIFICATION

1-Methylaminoanthraquinone is prepared by one of several alkylamination
reactions. Methylamine ii: treated with l-anthraquinonesulfonic acid,
I-chloroanthraquinone, or 1-phenoxyanthraquinone.S,6 Yields are high and
are about the same for each method. Consequently, the industrial route of
synthesis depends on the cost and availability of the starting materials.
Impurities may include any of the chemicals used in the preparation procedure
as well as dimethylamino derivatives, mercury, copper, boric acid, and
possibly anthracene.

Purificati•,n can be achieved by recrystallization from benzene or aceri,:
acid3 or carbon tetrachloride. 2  However, one study shows that melting point
and absorption spectra are insensitive to changes in concentrations of impuri-
ties below 2%.2 Extraction methods have been developed for removal of mercur.
when it is present in levels below 5 ppm. 7

PRODUCTION AND USE

In 1973, four small U.S. companies manufactured the dye.e Imports of
the dye totaled 54,912 pounds as l-methylaminoanthraquinone and 6,710 pounds

9as Solvent Red 111 f( that year. Imports totaled 13,260 pounds as
1-methylaminoanthraquinone and 7,260 pounds as Solvent Red 111 in 1974.

l-Methylaminoanthraquinone is used extensively in the textile and paptc
industry. It is an important intermediate for the synthesis of other dyes.
At the present time, it has not been certified for use in cosmetics, foods, or
drugs.

CHEMISTRY

1-Methylarainoanthraquinone undergoes the typical reactions of anthra-
quinones, that is, reduction, sulfonations, nitrations, and halogenations. In
addition, the secondary amino group increases the acid solubility and facili.-
tates reactions with weak and strong acids. The compound is sensitive co IV
light and may undergo additional changes in the presence of atmospheric oxygen.

ANALYTICAL METHODS

l-Methylaminoanthraquinone and other aminoanthraquinone dyes have been
separated by column, '11 paper,12 and thin-layer chromatography.2

Solvent systems used for thin-layer chromatography are bennene saturated with
water, water:butanol, water:ethyl acetate, carbon tetrachloride saturated with
water, and dioxane:water. The separation of 1-methylaminoanthraquinone on
aluminum oxide with hexane:acetone 2, 5 as the developing solvent gave an
Rf (x 100) of 86. More recently, high pressure liquid chromatography has
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been adapted to the separation, identification, and estimation of
l-methylaminoanthraquinone.13 Successful development of this technique
promises to provide a rapid method for purification of experimental quantities
of 1-methylaminoanthraquinone and other pyrotechnic dyes.

MAMMALIAN TOXICOLOGY

Human Exposures

1-Methylaminoanthraquinone is a skin irritant and sensitizer. 1

;xperimental Animals

Griswold et al. reported that 1-methylaminoanthraquinone showed only
slight toxicity in female Sprague-Dawley rats that received 10 doses of 500
mg/rat/dose ,hrougni gastric tube; one dose was given every 3 days for 30 days

(total dose 5,000 mg/rat). During a 9-month observation period, there were
clstic changes in the kidneys of 14 treated female rats; one rat developed
renal hy erplasia. One source reports no skin or eye irritation for
rabbits. F

biochemistry

No information was retrieved.

Carcinogenic ity

Griswold et al.is reported that during a 9-month observation period of
female Sprague-Dawley rats dosed by gastric tube with a total dose of 5,000 mg
of 1-methylaminoanthraquinone per rat, only one rat out of 14 developed
tubular adenocarcinoma of the kidney. Because carcinoma of the kidney was
observed in the controls as well, the authors concluded that the dye is

noncarcinogenic to rats.

Mu tagenici t y

1-Methylaminoantnraquinone was nonmutaaenic when screened for
rmutagenicicy with rive Salmonella typhimurium tester strains with and without
mamnalian microsomal activation.''

ENVIRONMENTAL CONSIDERATIONS

Behavior in Soil and Water

Degradation. No information was retrieved, but it should be noted that
anthraquinones are readily reduced to the corresponding diols.

Aninals

Mammals. No information was retrieved.
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Birds. No information was retrieved.

Fish. No information was retrieved. Concerning related structures,
Little et al.18 have investigated the acute toxicities of a number of
anthraquinone dyes to fathead minnows (Pimephales promelas), and the most
toxic by far was Disperse Blue 3.

0 4Z~H 3

00
0 "PCH3CH2 OH "

The 96-hour LC 5 0 for Disperse Blue 3 is 1 mg/L at 15*C. Related dyes
bearing hydroxyl groups on the aromatic rings are less toxic by several orders
of magnitude. I

Reptiles. No information was retrieved.

Amphibians. No information was retrieved.

Invertebrates. No information was retrieved.

Microorganisms

No information was retrieved.

Plants

No information was retrievea.

Food Chain

No information was retrieved.

No information was retrieved.
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APPENDIX F

VAT YELLOW 4

ALTERNATIVE NAMES

Dibenzo(b,def)chrysene-7,14-dione (C.A. from 1957); dibenzo(ab)pyrene-7,

14-dione (C.A. before 1957); 3,4,8,9-dibenzopyrene-5,10-quinone;
4,5,9,10-dibenzopyrene-3,8-quinone; Indanthrene golden yellow; C.I. Vat Yellow
4; HVT Golden Yellow.

PHYSICAL AND CHEMICAL PROPERTIES

CAS Registry No.: 128-66-5

Colour Index No.: 59100

Toxic Substances List No.: H070300

Wiswesser Line Notation: L D6 B66 0666 2AB A JV UV&J

Military Specification: MIL-D-50029C

Molecular Weight: 332.3

EtupLial FormLMU1 La24N12u2

Structural Formulaz 0

0 0

Physical properties of Vat Yellow 4 are listed in Table F-1.
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1*
TABLE F-1. PHYSICAL PROPERTIES -F VAT YELLOW 4

Property Value Re fe renc e

Mclting Point 3850 C 2

Boiling Point

Density

Vapor Pressure

Color Yellow 2
Orange-brown (from nitrobenzenel 3

Heat of Sublimation

Solubility in Water Insoluble

Solubility in Ot-ar Solvercs Soluble in sulfuric acid, 4
i. Lrahydronaphthalene,
xylene, and nitrobenzene;
slightly soluble in acetone,
benzene, alcohol, chloroform,
o-chlorophenol, pyridine, and
toluene
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PREPARATION AND PURIFICATION

Dye Vat Yellow 4 is prepared in 55% or better yield by the following
methods: benzoylation of benzanthrone, which is the original synthetic route;
ring closure of 1,5-dibenzoylnaphthalene; benzoylation of l-benzoylnaphthalene
followed by ring closure; aud direct condensation of naphthalene with

benzoylchloride in aluminum chloride at 160 0 C. 2 s,

Chromatographic purification has been achieved by Cissolving Vat Yellow 4
in chlorobenzene and elLting over alumina.7 More recent developments have
adapted high pressur-i liquid chromatography techniques to purification and

estimation of Vat Yellow 4; when acetonitrile:water (9:10) was used as the
developing solvent through a reverse phase column of microporasil C18 at a

rate of I mL/min and with detector at 280 nm, sensitivity of 200 ng was
obtained. 8 Another method of purification has been to dissolve the dye in

concentrated sulfuric acid and to precipitate by pouring the mixture into
crushed ice. The extremely low solubility of the dye makes it difficult to

purify.

i-RODtLCTION

In 1973, four or more U.S. producers made 98,000 pounds of Vat Yellow 4
dye. 9 Only 1,16-2 pounds were imported, all of it as the solubilized dye.1 0

In 1974, 1,874 pounds of Vat Yellow 4 as the solubilized dye were produced."'

CHEMISTRY

Vat Yellow 4 is relatively stable, especially to alkaline oxidation

media. It is readily halogenated by standard methods. The bromo derivative
U. prepared by dissolving Vat Yellow 4 in AIC1 3 at 160' to 170 0 C, cooling
the mixture, and adding bromine in chlorosulfonic acid. Nitration, hydroxyla-
tion, and amination have been done. 5912

ANALYTI CAL METHODS

Vat Yellow 4 is determined in bitches sold for pyrotechnic mixtures by

dissolution in sulfuric acid and measurement of absorbance between 568 and

571 nm. Percont -purity is equal to Ilo titne.s the ratio if sai;•le absorbance co
that of standard, both at ý68 and 571 nm. 13 Vat Yellow 4 is poorly soluble
in most solvents Rnd, therefore, the methods for its identification are

limited. It has been separated by use of column' 7nd :hin-laye" chrowato-
graphy.13 The techirnque of I igh pressure liqu.d chromatograpby has be,-n

applied with promising result!,-

MAMMAL.IAN TOXICOLOGY

Human 5Exposures

No information was ietr eved regarcing ,iuwan ;.olrgy rc:spoa.es after

exposure to Vat Yellow 4. Howevet, Tatyrek indicated that Vat Yellow 4 is

toxic and may contain traces of 3,4,8,9-dibenzopyrex'e (dibea.ocbrysene.), a

carcinogen.
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Experimental Animals

A single report was retrieved that describes acute oral and dermal
toxicity tests using a Vat Yellow 4 paste formulation of unspecified
concentration. 1 5  The acute oral LD5 0 in male and female rats for this
paste exceeded 46 g/kg, whereas the minimum lethal oral dose for mule and
female rabbits exceeded 11.6 g/kg. Application of the paste to intact an]
abraded skin of male and female rabbits produced no grossly discernible skin
damage, and the acute dermal LD 5 0 for rsbbitd exceeded 4.6 g/kg.
In.tillation of the paste into Zhe conjunctival sac of rabbits produced
minimal reversible ocular irritation.

Subcutaneous injection or painting of the skin of mice with Vat Yellow 4
over prolonged periods was reported not to result ini tumor formation; 1 6

another paper reports high mortality of mice under these conditions but,
again, o tumors. 1 7

Biochemistry

Tatyrek 4 suggested that it is very unlikely that this Vat Yellow 4 dye
can be metabolized by reduction to dibenzopyrene, a carcinogen. There are no
published data regarding the metabolic reduction of this dione compound to the
carcinogenic dibenzochLysenes.

Carcinogenicity

In a study conducted at th2 Carcinogenesis Studies Branch of the National
Cancer Institute (NCI) in 1965, investigators found ca. 0.1% dibenzochrysene,
a carcinogen, in a comnercial sample of the Vat Yellow 4 dye."• There is
also a possibility that dibenzopyrene (dibenzechrysene) is formed dur'ng the
burning of the dye (during smoke formation); the presence of the latter
compound in amounts as little as 0,u1% would impart carcinogenicity.1'

A commercially formulated materiei attested by the manufacturer to
coi:taiL, 18.2% of the co'or-imparting component, 30.8% sorbitol, 5.5%
cispersant (Lomar TWC), 2.7% glycerine. and 42.8% water was tested in the NC!
nioassay Ftogram. A summary of their results follows:'ý

"A bioassay of C.I. Vat Yellow L&. a commercial [ormulation conta;r;ng
dibenzo(b,def)chrysene-7,14--dione, for possible c.arcinogeniciy was
conducted by administering the test chemicf i', iied to Filecher 344 rats
and B6CFI, mice.

"Ghoups of MO rats of e-ach sex and 50 mnce ot each sex were
adai'riiste'ed C.I. tat Yellow 4 in the L ec Uat one of t-wo doses,. either
3,5:(0 or 7,100 ,p,it 'or the rats, either 25,000 or 50,000 ppw for t}he male
mice, and either 2V,500 a: 25,000 ppm for the female mice. The rats were
administbred the test chemical for 104 weeks; the miceý, for 106 weeks.
Matched contr[o Ionsrr, ioted of 20 unt-reated rats and 20 .wtreat'ed mice of
each sex. A!. 80u1vyving animals we, ki -lled aL the end of the period of
admilnist ation of Ihe {e: chemical
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"Mean body weights of the dosed rats were lower than those of
corresponding controls throughout the bioassay, but the differences in
weights were slight for the males. Mean body weights of the dosed mice
were not affected by the test chemical. Survival of the rats and 1aice
was not affected adversely by the chemical, and sufficient numbers of
dosed and control rats and mice of each sex were at risk for the
development of late-appearing tumors.

"In the male and female rats and the female mice, no tumors occurred
at incidences that were significantly higher in dosed groups than in
control groups.

"In the male Aice, lymphomas occurred at incidences that were dose
related (P = 0.002), and, in a direct comparison, the incidence of the
tumor in the high-dose group was significantly higher (P = 0.019) than
that in the control group (controls 3/20, or 15%; low-dose 7/47, or 15%;
high-dose 22/50, or 44%). The incidence of lymphomas and leukemias in
historical-control male B6C3FJ mice at this laboratory was 38/323 (12%).

"It is conclh~ded that under the conditions of this bioassay, the
formulated product containing C.I. Vat Yellow 4 was not carcinogenic for
male or female Fischer 344 rats or for female B6C3FI mice, but was
carcinogenic for male B6C3Fl mice, causing an increased incidence of
lymphomas."

However, because chemical analysis of I-he test -- terli-. W-... tiuL
Ferformad, the observed increased incidence of lymphomas in male mice dosed
with the formulated product cannot be attributed with couplet confidence to
Vat Yellow 4.

ENVIRONMENTAL CONSIDERATIONS

Behavior in Soil and Water

No information was retrieved.

Animals

Mammals. No information was retrieved.

Birds. No information was retrieved.

Fishi. No information was retrieved. However, Little et al. re,3ort that
for the fathead minnvw the 96-hour LC;50 tor the dibromo derivative, Vat
Orange 1, exceeds 180 m&/L at 15t C.15

Reptiles. No information was retrieved.

Amphibians. No informuation was retrieved.

Invertebrates. No inforjastion was retrieved.
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Microorganisms

No information was retrieved.

Plants

No informatioa was retrieved.

Food Chain

No ;fforrnation was retrieved.

EXISTING STANDARDS

No information was retrieved.
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APPENDIX G

HEXACHLOROETHANE

ALTERNATIVE NAMES

Hexachloroethane; 1,1 2 ,2,2,2-hexachlioroethane; Avlothane; Ethanehexachloride;
Fasciolin(e); Hexoram; Perchloroethane; Phenohep.

PHYSICAL AND CHEMICAL PROPERTIES

CA.' Registry No.: 67-72-11

Colour Index No.: None

Toxic Substances List No.: K140250I

Wiswesser Line Notation: GXGZXGGG 1

Military Specification: MIL-H-235B 2

Molecular Weight: 236.70

Empirical Formula: C9Cl6

Structural Formula*
C13 C-CCI3

Physical properties of hexachloroethane are sumarized in Table G-1.

I' i -- RAT ION

Small quantities of highly pure hexachloroethane may be repared by the
actiol' of chlorine on barium carbide. Jonderf and co-workers used thi.,
nrocedure to :nake 1 4 C-labeled hexachloroeth; ne. Hexachloroethane is formed
S.... ;, no.mal hydrocarbuUs Ur chlorinatti hydrocarbons are allowed to
react with e::cess chlorine in the presence of ultraviolet light' or in the

resence of chlorination catalysts at temperatures above 2006C. In the
sua! industrial protess, tetrachloroethylene is chlorinated in the presence

of farriz chloride, at 1000 to 140C, in a lesi-lined vessel.a Hexachloro-
ethane i8 also obtai.ned as a coproduct in the production of tetrachloro-
ethylene by pyrolysis of Gvrbon tetrachloride at 8000 to 900C.9 A process in
whif:; a mirt,,re. of ethylene aud chlorine is passed over charcoal at 3000 to
35 0 0C is reported to give nexachloroethane yields of 80 to 90%.*l
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TABLE G-1. PHYSICAL PROPERTIES OF HEXACHLOROETHANE

Property Value Reference

Melting Point 186.9 0 -187.4 0 C (sealed tube); 3

Sublimes without melting 3,4

Boiling Point 186.8 0 C 4

184.4 0 C 5

Density 2.091 g/mi. 3,4

Vapor Pressure 1 mm Hg (20.0°C) 3
3 mm Hg (32.7'C) 4

Color White 4

Odor Camphoraceous 4

Crystalline Forim Rhombic 3

Heat of Subl'1,tL r 12.2 kcal/mole 4

Solubility in Vater 50 mg/kg (22 0 C) 5

Solubility in Other Soluble in alcohol, benzene, 4
Solvents chloroform, ether, and oils
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PRODUCTION AND USE

in addition to its military use for generating screening smo..es, 1 1

hexachloroethane has found some application in veterinary medicine for
treatment of intestinal worms. Most material in current use appears to have
been imported. Parker et al. reported that 760,000 kg were imported in
1976.12

CHEMISTRY

Hexachloroethane, unlike most of the chloroethanes, is stable in alkaline
media.3 Hexachloroethane presents a slight explosion hazard through spon-
taneous chemical reaction. Dehalogenation by alkalis, metals, etc., will
produce spontaneously explosive chloroacetylenesoi 3 At high temperatures,
especially in the presence of moisture, hexachloroethane decomposes with a
corrosive attack on metals. 3

Sjoberg! 4 has studied the decomposition of hexachloroethane vapor at
300o to 500 0 C in the presence of metal filings to produce ohosgene and
hydrogen chloride. The maximum yield of 6 mg of phosgene and 49 mg of hydro-
gen chloride per gram of hexachlorocothane was observed at 450 0 C in the
presence of iron. (Carbon tetrachloride, by comparison, gi';es 80 mg of
phosgene per gram under the same conditions.) Over glowing charcoal,
hexachloroethane produced 2 to 10 mg of phosgene per gram and as much as
474 mg of hydrochloric acid. 1 4  In the gas phase, oxidation of hexachloro-
eth a ne pcLjeedU vc la ~ j J± U~3'~ltL thE - LsocIa in i t ý;t4U6C

9
U ntL p'I.Uasceie LJiuiatiOLiJi .W

Mixtures for production of pyrotechnic white smoke in ;3ritish smoke
gen-erators contain 46% hexachloroethane, 29 to 47% zinc oxide, and i Co 25%
calcium silicide the fuel.16 Burning temperatures :ange from 7000 to
1,1000C. Jarvis has found that hexachloroethane is pyrolyzed to carbon
and chlcrine via intermediate formation of carbon tetrachloride, tetrachioro-
ethylene, and hexachlorobenzeneo Calcium silicide reacts with hexachloro--
ethane in stages to form calcium chloride, carbon, and silicon. Zinc oxide
also reacts stepwise to produce zinc chloride (the smoke), carbon monoxide,
and ca.bon dioxide; intermediates include phosgene and zinc oxychlorLde in
addition to chlorocarbons.

ANALYTICAL METHODS

Current methods for detection and quantitation of chlorocarbons in public
water supplies variously employ sorption on activated carbon1 7-20 or macro-
retlcular resin1 7 ,19-21 and desorption, or continuous li-,uid-Yitjuid e.xtrac-
tim , 2 combined with gas chromatography using flame io\ zation,19,20 electron
capture,/ or mass spectrometric.7,,,-2 detection for identification of
hexachloroethane. Keith et al."17 have used comp,.terized gas chromatography/
mass spectrometry fot detection of hexachloroethan' after concentratic1 . on
X.ND-2 resin or carbon column extraction. A detecticn limit of 0.03 pg/L is
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reported. Others have noted that carefully prewashed carbon gives better
recovery of hexachloroethane than XAD resins. 19920 In either case, the
chlorocarbon typically is desorbed ufinlj acetone and chloroform and concen-
trated by means of a Kuderna-Danish evaporator. Although detection limits as
low as 0.01 lig/L have been reported, 20 quantitation of trace levels of hexa-
chloroethane is complicated by low recoveries from water at these leveis.
Hexachloroethane has also been dtecte ii wastewater by extraction with
pentane followed by direct injection of the extract onto a tritolyl~bosphate-
coated gas chromatography column with a flame ionization detector.2 A more
cumbersome method, but one that avoids the requirement for gas chromatography
equipment, involves sorption on activated carbon and elution with a nonhaloge-
nated solvent followed by conversion of the chlorocarbon to inorganic chloride,
which is titrated with silver nitrate solution. 25

Hexachloroethane has been separated from biological specimens by steam
distillation and identified by microcrystallography, 2 6 with as little as
20 mg bexachloroethane per 100 g of the binlogical specimen being assayed. It
has also been detected in biological tissues at levels below 1 ppm by gas
chromatographic methods.27

Hexachloroethane, present in relatively high concentrations, has been
s(parated by distillation from mixtures of chloroethanes and estimated
refractometrically 2 8 with 0.5 to 2.0% accuracies. Both infrared and mass
spectroscupic techniques can be used to detect hexachloroethane and other
chlorohydrocarbons in chloroform.29 By using infrared spectroscopic
qnnalyqiq WiQher pr nAl 30 w0r. nhlp tn dprtprminp thp perpepn.. of h.vnhlnrn-

ethane in a two component mixture of chlorinated hydrocarbons with a relative
precision of ±25%. The band at 14.65 1 was used to distinguish hexachloro-
ethane.

Small quant ties of hexachloroethane can be estimated by passing air over
vapors from a hot aqueous solution of chlorine-containing material through
quartz tubes at 900C to give carbon dioxide and hydrogen chloride. The
hydrogen chloride is estimated volumetrically by titration with mercuric
nitrate using diphenylcarbazide/bromphenol blue as the indicator. The average
error of analysis is <2%." 1

A sampling and analysis method for hexachloroethane in air ($s01) is
described in the NIOSH Manual of Analytical Methods.) 2

MAMMALIAN TOXICOLOGY

Human Exposures

Parker et al. 1 2 have estimated (1979) that 1,500 workers are exposed to
hexachloroethane; these include cleaners and charwomen, millwrights, machine
operatives, plumbers, pipefitters, and electricians. Von Oettingen reported
tn 1955 that little was known regarding the toxicity of hexachloroethane to
man.5 The inhalation hazard may be low because of the high boiling point of
hexachLor ethane, but cutaneous exposure should be viewed as a potential
hazard.
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Hexachloroethane is mederately irritating to the skin, mucoa3 membranes,
and liver. In high concentrations, it is narcotic.1 It may be absorbed
through the gastrointestinal tract, the lungs, and the skin. In 1947,
Plotnikov ingested 30 g hexachloroethane in 3 days and Sokolov 48 g ill 4 days
without any harm; only skin sensitivity was somewhat diminished. 3

1

Saric and Knezevic reported in 1957 that irritation was the most frequent
complaint of workers exposed to hexachloroethane in dry cleaning ant drug
factories, but serious symptoms were scarce.35 The serum albumin:globulin
ratio changed, but no other sign of liver injury was apparent.

Fischer reported that 70 persons were injured and 10 persons died in Malta
in 1943 following exposure to smoke grenade fumes in a tunnel. 3 6 He mentioned
that serious accidents occasionally occurred among workers who handled smoke
chemicals containing hexachloro :hane. The profound pathological changes in
the lungs, livers, and kidneys of the victims were attributed, however, to the
toxicity of zinc chloride, the major ingredient of the smoke mixture.

Hexachloroethane lone is not considered a significant industrial hazard

if handled with reasonable care. Hexachloroethane when inhaled, ingested,
or absorbed by the skin can cause acute local changes. Inhalation may also
cause acute changes that affect general bodily functions. These changes may
be "irreversible (or) reversible but are not severe enough to cause death or
permanent injury." 10 A chronic local condition producing these same changes
can develop when hexachloroethane is absorbed by the skin. Eye irritation,
tearing of eyes, inflammation of eye membrane, photophobia, and inability to
close eyelids have been noted as consequences of hexachloroethane exposure. 1 2

Experimental Animals

Parker et al. 1 2 nave summarized toxic effects of hexachloroethane on
experimental animals. Acute toxicity studies indicate a range of lethal doses
that depend on the route of administration and the t(3t species employed. The
lowest lethal dose of hexachloroethane administered subcutaneously to rabbits
has been 4 g/kg. 3 6 Plotnikov and Sokolov reported in 194734 that the lethal
dose of hexachloro.thane administered orally in capsules or subcutaneously in
oil to cats was 6 g/kg. Cats and dogs were given total doses up to 18 g/kg in
two or four ccurses of 2 days each; only one of the six cats died and all six
dogs survived. Th chic ayptm wrecntalnrvussstm -fecs

narcosis, and tatty liver degeneration.
3 4

Barsoum and Saad 3 8 found that 0.325 g/kg administered intravenously
killed dogs in 30 minutes. Death was due to respiratory failure. Tracheotoý,y
and artificial respiration resulted in extended survival times. The post-
mortem examination indicated fatty degeneration of the liver. The dose needed
to cause death in dogs within 30 minutes was 0.10 g/kg for pentachloroethane
and 0.09 g/kg for chloroform. Oral doses of hexachloroethane as high as
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6 g/kg produced no mortalities. Maloff found that the fat content of the
livex of an 11.6-kg dog was essentially unchanged by adminiotration of 82 g nf

hexachloroethane in 1- to 2-g daily oral (encapsuled) doses and 10 g in l--g
daily subcutaneous doses. 3 9

Weeks et al.4 0 studied the acute toxicity of hexachloroethane using a
variety of test animal species and routes of administration. In acute oral

toxicity studies, the test compound was dissolved in corn cil (50% weighr/
volume) or methylcellulose (5% we-ight'volume). Solutions were administered bv

stomach tube (0.1 mL/10 g body weight) to male and female rats, male guinea
pigs, and male rabbit:i. The acute oral and dermal approximate leichal dosage;
(ALD) and dermal LD 5 0 for rabbits and the oral LD5 0 for guinea pigs and
rats were calculated on the basis of survival for a 14-day observation
period. These values are shown in Table G-2.

Schwander"4 and Burgi" 2 studied diffusion of hexachloroethane through
the abdominal skin of rabbits. Hexachloroethane, dissolved in carbon tetra-
chloride, appeared in the exhaled air 40 minuýes following application to the

skin. At 6 hours after application, the corneal reflex was intact, but the

animals were apathetic and did not recover from hard breathing after 5 days.

In the absence of a solvent, hexachloroethane appears to be relatively

nontoxic when applied to skin.

Chroaic toxicity studies were performed with rabbits. Daily oral

doses of hexachlorcethane suspended in 5% aqueous methylcellulose (1,000, 32U,

or 100 mg/kg) wcrc given fcor 12 days to groups of five male rabbits to monitol

the development of toxic signs and changes in blood chemistry values. Daily

oral dosages of 1,000 mg/kg caused a significant (P < 0.05) reductiot in

body weight beginniing at day 7 of dosing. Increases in liver and kiuney

organ-to-body weight ratios were noted at necropsy (P < 0.05); no other

changes were found at necropsy. The 320-mg/kg dosages caused a significant

(P < 0.05) reduction in body weight gain beginning at day 10, but there were

no toxic signs and no changes in organ-to-body weight ratios at necropsy. A

dosage of 100 mg/kg/day produced no changes in the criteria studied. The on 1v

blood chemical parameters affected were the potassium and glucose values,

which decreased significantly at the 1,000- and 320-mg/kg dosage levels.

Reaves and Carlon4 3 indicaed in 1961 that the toxic effects of smoke

grenades (containing hexachloroethane and zinc oxide) to dogs, rabbits, and

rats were due to zinc chloride. The damage was localized in the respiratory

system and was manifested by chronic degeneration of the tissues.

Weeks et al."0 report data from an extensive series of vapor inhalation

studies in male and female rats with separate tests for acute toxicity,

subchronic toxicity, behavioral responses, pulmonary function, and oxygen

consumption. Exposure to a nominal concentration of 2.5 mg/L (260 ppm) for B

hours showed no toxic signs during exposure or for 14 days thereafter.

Exposure to a nominal concentration of 57 mg/L (5,900 ppm) for 8 hours showed

severe toxic signs including death. At 8 hours, two of six rats were dead.

Surviving rats showed reduced body weight gain over the 14-day observation

period compared with controls." 0
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TABLE C-2. ACII'M TOMICITY OF HEXIAC1LOROETHANIS"'

Animal Treatment IA.luent Value (wg,!kg)

Rabbit, malt Oral ALLP Methylcellulost >1,000

Pat, male latraperitoncal Corn oil 2,900
ALI)

Rat, female Oral LD5 0  Corn oil 4,460
Methylcellulose 7,080

Rat, male Oral LDs0 Corn oil 5,160
Methylcellulose 7,690

Guinea pig, male Oral LD5 0  Corn oil 4,970

Rabbit, male Dermal LD5 0  Water pasie >32,000
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The subchronic inhalation toxicity of nexachloroethane vapor was studied
in male end female rats, male dogs, male guinea pigs, male quail, and pregnantA
cate The groups and numbers of -irmals exposed and the analytical air concen-

trat ons of hexachloroethane are 'own in Table G-3.

The subchronic inhalation hazard for he-xqchloroethane vLpor was test,-d by
exposing animals to control air and three concentrations of hexachloroeLtane
for 6 hurs a day, 5 days a weeK for 6 weeks. 4 0  Chambo. air samples for all

concer.trations were analyzed by gas chrometography. Ail animals used in these

experiments were observed during a preliminary period, and control groups
exposed to chanber air were matched with each treatment group in respect to
number, age, sex, and body weight.

Dogs exposed to 250 ppm hexachloroethane developed tremors, were ataxic.
hyrorsaiivated, sho%-od seve.:e head bobbing and facial muscular fasciculations.

an(. he'd their eye.ids closed during the exposure. One do& convulsed during

the first expo.ure and died after 5 hours of exposure.
4 0

Guinea pigs exposed to 260 ppm hexacbloroethane showed a reduction in

body weight gain beginning the second week of exposure. Two guinea pigs dice
during each of the forth and fifth weeks. At necropsy, the liver-to-body

we ght ratio was significantly higher than the ratios in controls.

Body weight: gain of the male exposed to 260 ppm but not the nonpregnact .

femalc rats was reduced starting wich the third week of expostre. 4 0  All
rats ,show'.d tremors, ruffled pelt, and red exudate around the eyes following

exposure during the fourth week. and one male and one female rat were found
dead. kt thf e-rA of the exposure period, all sigac dieappeared and the body

41egiht gain reflected that of the controls. The kidney-, spleen-, and
ta stes-to-body weight ratios in the male rat and the liver ratios in the
female rats we7re signlificantlý. larger than controls. The older rpts (12 -o 14

weeks, 300 to 350 P) in th,- tehavior group showed no toxic signs during

expcsure. The body weight gain was less than controls, and at necropsy the
lung-, liver-, kidney-, and testes-to-bcdy -!eight ratios were increased over
.ontcc-ls. Fa -y intiltra Ion of the kidney was seen at necropsy.

Quail exposed to 260 ppm hexachloroethane showed no adverse signs, no
i-ffects on body wv kght, and no gross organ or :issue changes at necropsy. 4 0

AIL inimals sacrificed 12 weeks after termination of exposure showed no gross

changcd in tissues and organs. Body weight changes of all animals were
co'tparable to tCe controls,.

I. behsvior tests, hexachloroethane produced no measurable effects on
40eiK'ier avoidanc: performance or spontaneous motor activity in rats.

llexocirlIroethane is moderately narcotic. Steindorff" 5 obrerved that
hexacihloroethane has paralytic effects on the nervcus system of the, dog, and

gin) 4 found that oral doses of I to 1.1 g/kg in dogs caused depression of
the central nervous system characterized by weakness, staggering gait, and
twitch;.tg of the m•scles.
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TABLE C-3. EXPOSURE OF VARIOUS ANIMALS TO 1IEXACHLOROETHANE (14CE)4 0

Pats Behavior Pregna--t Guinea
Treitaent YIle Iema I Rats Rate Dogs Pigs Quail

Control 25 25 15 22 4 10 20
(air only)

15 pjpm HE 25 25 15 21 4 10 20

48 ppm HCS 25 25 15 22 4 10 20

260 ppi iC 2 25 15 22 4 10 20



4t

Although dogs exposed to 260 ppmn icxachlzroethane showed severe s'gns of

irritation, no changeq ii pulmonary function could be detectt-d.o4' Six- tek
exposure to 260 ppm hexachloroethane produced a siguiifie,!nt decrease ii o -gen
consumption. 4 0  The! test wag; nonspecific, but indicated adn alteration t.,
general metabolism due to hexachloroethane exposure. This chinge in the
absence of other supportive pathology does not indicate a se:ious health

hazard, but may be a normal response to che inhalation of an upper respiratory
irritant.

Irritation responses to hexachloroethare were studied by eye and sk-,-.
application tests. Crystalline hexachloroethane (0,- g) applied to tie
c.rneas of rabbits and allowed to remain overnight caused moderate c,-rnea-

opacity, iritis, and severe swelling and discharge in 5 of 6 rabbits. No
signs were seen 72 hours after administration. llexachloroethane had no EuA

effect on the eyes of dogs.4
5

The potential for primary skin irriration was tested by 24-hoor applica-
tion of 0.5 g of either the dry crystalline material or of t, water paste to
the intact and abraded skin of s, rabbits."0  The dry material caused no
skin irritation, and the paste caused only slight rednes, that disappeared

after 72 hours.

A 3-week inh.lation exposure (260 ppm) period wit[r a 2-Meek rest and t:..,,
challenge with one dose of sensitizing solution (0.1 mL of 0.1% hexachloro-

erh•nnp 4n prnpylene glycol and saliae) showed that hexaciloroethane produced
no recognizable sensitt.zation reactionn in a group of 10 reale guine-:a pigs.
However, dinicrochlorobenzene (a known sensitizer)' produced definite sensi:-
zation r-lctions in 10 out of 10 animaxs,' 5

Teratogenicity studies in r2-s indicate that hexachloroethact 3t t o.•a.•
toxic to dams (5G0 mg/kg oral or 260 ppm by inhalation) did not Uroduce a -e~a-I
togenic effect. 4 0  High dos-g,:s of hexachloroethane that were toxic to the
darns resulted in a slight slowing of fetal development.

Studies to determine the potential of hexachloroethane for inducing livei
enzyme formation were conducted using three groups of 10 male rats.4 0 At an
irtraperitoneai dose of 500 mgikg dissolved in corn oii- per da, fix 4 coaistu-
tive days, hexachloroethane did not induce hepatic microsomal enzymes. Z-:&"
reocrLing organ-to-body weight changes in subchronic -tudies are not cor.qi5te.,

wit" the results of this experiment.

Jondorf et al. 6 reported in 1957 that rabbits slowly metabilize heta-

cnlor ethaae. In vivo studies indicate most metabolites are excreted in the
fe.ces and in exhaled air (about 14 to 24%), with only small amounts excreted
in the urine (about 5%).6 Metabolic studies in various animals confirm the
.,-mation of 12 metabolites: three possible metabolites (trichloroethylene,
moi,'chloroethanol, and acetate) have not been detected (Tible G-4).
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ReynoLds and Yee 5 1 found that hexachloroethane did not cause early
centrilobular suppression of glucose--6-phospbatase activity in the liver of
rats, in contrast to carbon tetrachloride. There was only slight depression
of enzyme activity, indicating transient slight liver damaFse. Intragastrically
administered hexachloroethane (2,440 mg/kg) highly inhibited rat liver micro-
somal hydroxylation reactions after 24 hours, but had no effect on epoxide
hydratase activity. 52 Fed intragastrically to rats at 6,150 mg/kg, hexachloro-
ethane was reported to be without effect after 2 hours on hepatic microsomal
functional properties, including protein content, oxidative demethylae,
glucose-6-phosphatase, NADPH-NT reductase, 14 C-glycine incorporation, cell
sap RNA, and lipid conjugated diene content. 

5 3

In sheep, the plasma level of sorbitol dehydrogenase, glutamate dehydrug,-
enase, and ornithine carbamoyl transferase increased, indicating cell memblenc.
permeability changes. 46 The oromosuifoplhualein dye clearance was retarded,
indicating liver damage due to hexachloroethane toxicity. 46 Fowler 4 8 founu
a decrease in the bromosulfophthalein dye clearance in ducks and cockerels fed
hexachloroethane through stomach tubes, as well as an increase in the level of
aspartate aminotransferase.

Carcinogenicit y

Hexachloroethane was testes in the NCI Bioassay Program under COA604. a
summary of the results follows.

5 4

"A bioassay for possible carcinogenicity of technical-grade
hexachloroethane was conducted using OsbotLn--Meadul rat-s an,! B6C3F
mice. Hexachloroethane in corn oil was admin'stered by ga';age, at oither
of two dosages, to groups of 50 male and 50 f,.sale animals of euah
species. The chemical was administered 5 days a week, cyclically iov 44

of 78 weeks in rats and continuously for 78 weeks in mice, followed by an

observation period of 33 or 34 weeks for rats and 12 or 13 weeks for
mice. The high and low time-weighted average dosages of hexachloroethane
were, respectively, 42.3 and 212 mg/kg/flay for male and female ra t s and

1179 and 590 mg/kg/day for male and female mice. For each species, 20
ani.uals of each sey were placed on test as vehicle controls. These
animals were gavaged with pure corn oil at the same rate es the high dose

gro;up of th 'aw se.set fiiasO ~IL ex W~rFIP acedI01 LeN St
untreated controls for each species. These animals tere not intabared,

"4 statistically significant association between increased dosage and
accelerated mortality was observed i•t male and faNi.ale racs but not in
mice of either sex.

"loxic tubular nephropathy 6qas ol :erved in all g:ouis of treated
animals.

"Stati,;rical evaluation of the incidences of heptiocel 1 ular carclTornas
revealed a significant positive arcxistion between hexchl,)rjechaae

CMnkiw



administrurto-: an(' tumor incidence in both male and female mice. No
sra1iisUtcaý signifi~cance' was attributed to the incidence of any neo:tci..,
1_1 rat'; ot either s9ex.

"No evidence w;ý-s nr7ovided for the carcinogenicity of the compound zn
osborne-Mendet ra's. it is concluded that under the conditions of 0:
bioo' say, hexachioroethane was carcinogenic In B36C3?l mlice, inducing
hepitocellula.- carc: nmams in both sexes

Žhigen icvi -y scriean i ng test s ' Saccharomy!; as c erevi siae and S almonelII
(c!L1 a Pu1.' T were per. ormed with liexýachloroethane over a seri~es of concentr.,;
tions -uch tHac ichere was ýithcr quantitative or qualitative evidence of
nýhysio½Di.ic:a1 ettect at the highL dore level . 'sThe low dose was, in -all

:.d o5,rlow a concentratiun that demonstrated any toxic effect. Di.methy]
suitoxide waia used to prepare 2.53*. stock solutioas of this compound. The do..e
ratnge: for the evatuatiot. of this compound was. from 0.1 to 500 g per plate.
Posqtz*ve and solvenL zontrois using both active mutagens and those that
-eq'iiie metabolic activation qie-.e run with each assay. The resultzs of the
tests 1,11ic e ttc. the senre *)r toe prese-nce of the rat liver activation
were a>i rogative.

ElNV £ROL'PLNTAL CON',' lbf tATlGN3

&ehavio.: ii, -dlb Ii aid w,;. f-, r

Deatgadation. Nn info~rwation is available concer-ning the persistence ot
he!xachl1oroeýriane in soil oi: water. Tl-e vapor pressure"9 (l mm at 20%C)
allows onie to conclIude that hexcac*-Ior,)c~thane spilled on soil woulo graduafl1v
su(.bIi me. 'the water solubility' (50, :.glkg' indicates that leaching by prie-
cipitation, surface waters, and groundwater c-ould occur.

An inia L,3

Mtaral~s. Parasi-dJ5 observed the:- 0.. g/kg administered oraliv 'ii
horse's did. nat cause r(.cticeaele toxic. effects and that 0.0V4 to g/q kg stimu-
minen red and wnhite h ood coll l or'ation. On the othier huitd, 6 g/k~g e wised

•tenret;s;on, loss of appetite, atxl ý&sping fer at'> With don, 's A1 7 1:,. 1 a
glkg, the;';- Pffects w,-ce xaeztl d10$gCawSed irrevters ic

In 1955), nVW11tý'iYU 1 sCnti oned that some toXic effeCts Were hev.
'jt'' 'rig the ali aBsi t reat'uert. of)J caLfe b% l,ýexachloroe tliane, srO dear'-

-curre in annitL 1 .2% cithe treýated B~r 1.Ehr'ii.cb and Wi~nts rhlzter'
reported that. h,.Aachi ný'cs h~an produce(' chi i :'ic livtir Lesions and acuit
dlitrusO tiephunosis and d~gestive disorder&s in cattle. However, Tapeý.rncux5

sep'r~tLed iin 19-30 Ph a> l. 0-g dosezs at 'hexachi oroetha.ne were well Luierated 1hv
tin jnv~1a; hSe~jý £ Loundl in 1~941, that cattle tolerarted ý00 g, of



:za'h iforoethane well , wherea,; twice *is dose caused no i. I I effect It the
C LLe were in averahe condi' on. Dc hieck and BaudetV6 ' f.,und that bexa-
z oroetht'ie is less toxic t-o cattle thkan carbon teii-lebloridei.

qSouL'n':,o tt 6 2 reported i' 1951 that 13.5 g given or-ally to M -rt..,; slier,
induced toxi~c effects. The symptoms included inability to rise, oentrnl
nervous sy± tern depression; staggering walks; fine tremors ii the wusciet of
th-e lips, 'ace, neck, and forelegs; weak but slightly accelerated pu se; and
6h ao bu-t otherwise nornial breathing. Endrejat6  decibdtt oi
eflfect of hexachloroethrine on sheep following parasite treatment'. Konr0

found that young sheep exhibited significant decrense in gl'zc-)se toler.- ace. iu"
>)hexachloroethanle treatment.

Birds. No inforawation was3 retrieved other than the studies or Weeks -!t
at.' ) with quqil and of Fowler 18 with domestic birds.

Fish. No information was retrieved.

.ý1jie s. No information was, retrieved.

kAs.:hibi ans. No intoýrmati,3n was retrieved.

Invertebrates, H-exachloroethanne vaporb are insecticidal. A 2: 1 mixtu ,;re
of hexachloroethaue and talc spread on water (doa age uinknown) reportedly
destroyed mosquito larvae (Gulex, Anopheles, Andes, and Stepomyia) withouL

killing other aquatic organismsS. ' Hexachloroethiane is described as
only moderatel texiC to the ova, 1arv~ie. and pupae of Muses domestics and

Moc vctat.Hexachlioroezhfanecarbor tetrcz~hloridc mixtures are toxlic

to ?fribolium castaneum (coesnor, flour beecle); 6 a and control of the corn
earworm, Ileliothis obsoleta, by fum~igaaion with he;:achloroethane has been
repor-LedAbgAn aqueous solution containinrg 5 to .10 mg/L of hexachiloro-
ethanie reportedly caused a multiple dischairge nerve axon rezsponse when appi k-C'
to the isolated chela of crajfish (Camnbarus vinus),-. 7 0 The same response
is elic~ited by DDT at -auch lower concenitrations.

Several ieports desc'iba T~he use of hexachilorretijane ira treatmert si
cattle, 5 2,60 sheep, 43ý O gots,; 7 and~ whi-tu--tailed deer i3,nfested 7
by parasi~tir worms, in particular the Liver fl~,Fasciola hspatca an-d
the stomach worm. Ham-onchus :ontnr-11m.6 In .tcstude bY mack;: r a

Parncil' i nd L -:icte hatn 45 -mi nu te- expos ure r-1000 rig/ L o f hexach 1 o r et - 4iiý
iS lethal0 to F. Uetucwhereas 1,200 tag/L killed qjCg of Free-livinig sc~iw-

Cif -tcisrostomes. BarIter, on the other hand, reportýed that: h.exachbc-oe-_1an'
ihar lit~tle effect on mpeture F. !_Laiatica flukes inl vitro, btthat pentachlort
ethane, i' metabol its i11k sheep, i~s twice as pz-týent as carbon tetri~chi rtd~e as, a

spatusagei 7 1r F.hya~a.' h!;L:at~ica rrciýt'&'red from rats and raovos
tre:aC.eo with helxachi oroethauc, showed Lhat W86aaogn~i wa3igm.Tl'Cai;t 'j

Jd i srcp1)teci , it Hxachioroethanc, at a concentrationj oif 10 to W00 mg/b was
fe-Undl to be l.etital 1:o theI 'nrcotosce icers Of FCcitcO.1Cuccus mUIdLilocu bar is u-
bat~ed i~n vitr "a ) ?u t.- !0 lotsj'7' At oral.[ do',(-'- ? ,600 and -,500 ag/ kg.



hexachloroethane was reported to kil 50 and 100%, respectively, of subcutan.e-
')IQy imp]lanted adult Fasciola in ia-as. 78Hexachloroethane is ineffective

.'gtn1st the smiall tiukeworme, Dicrocoeliose ovinle, and some other Farasit;"

worms, Oe-sophagostomtm columbianum and Trichostron app. 4 Tuaturyano
urc 1 -'rted. that hexitachiori~thane is used success fully in the treatment of IOU-.
1 01 cC i on.

M-tcroorq~ani 5112

An agar slant cutture- of Vibrin Metschnikoff (V. wetchnikovii?) was
epa)rttd destroyeýd in 24 liours by an aou-eous solution containing 5.3 mg/i.

h* clo r.)(- hwot

NO i ntormac- or we: l? eveCA

Foo)d ,Thai 1.

No u, 1 -01> : wa~ r ILewed.

EXIS:'LN;t S.-

The theh- imit vaLue 'fo:- sk~n only) as given by Lhe Aaeri..anI
--. ntal ind--tr-a1 .-iygienists is 1 ppm (approximately 9.1

un Ie~~ pauci - ot zt r: ofZS0 humdau experiencue, iL is tioL
cix' .- hetheT-n~- m thresh-ld lirns value is sufficiently low to preve..I

n fju- :ases..I

fit --qv r(m ai '-rotecrianr A~gen.c- has proposed a. limit of 47 kjg/day*

'exacix. .)r-etha. a0 ci'-.ar.-d :a keep the lifetimte cancer risk below 1o0

- c ~c - : -~ e-e q Ii £ the Enoýironmental Prctcct l.n

A1  - d - :p.,ca <rseae '~exachl-roethane concentration of £ý2

' c.- - >ny: im; "or eal twater aquatic I fe, the,
"24- -r 1 n - -LltC';cmd16 1 jgll at anly tLfu.IV
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